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ABSTRACT

After the preparation of borosilicate and phosphate glasses containing 2,67  and 4,46 wt.%
PuO2, respectively, their water durability was evaluated by the standard MCC–1 static test
at 25 oC and 90 oC.
The ratio of the surface area (SA) of the active glass specimen to the leachant (distilled
water) volume (V) was              SA/V= 0,1 cm–1.
All of the leachants were sampled after intervals of 3, 14 and 28 days and the concentration
of leached inactive elements was analyzed (ICP–AES) after plutonium was separated with
resins. The leachants activity measurements ,as well as glass specimen’s activity before and
after leaching, were conducted using gamma spectroscopy.
The release of plutonium from phosphate glass at 90 oC is two orders of magnitude higher
in comparison with borosilicate glass. The temperature influence is also greater for
phosphate glass. At 90oC, the release of Pu became approximately 10 times more than at
25 oC, but the bulk components release (Si, B, P, Na) increased by two orders of magnitude.

1.  Introduction

In the development of an optimal concept for disposition of fissile materials, the main criteria should
include the safety and the protection of the environment from the radiological impacts. One of the
possible routes could be a vitrification option, particularly if combined with high–level waste (HLW)
treatment [1].
The selection of a vitrification  route depends on many factors, including the uniformity of the
distribution of Pu in the glasses and their chemical durability.
Basically, the latter characteristics were studied for HLW phosphate or borosilicate glasses containing
a small amount of plutonium [2,3]. For example, in [2] the normalized Pu mass loss in ISO – leach test
was from 0,28 g/m2 at 25 oC up to 0,79 g/m2 at 90 oC after 32 days. Testing of high Pu–loaded glasses
that contain 2 and 7 wt.%  Pu by PCT, version B, method gave the normalized release
Pu (2–4)⋅ 10–3 g/m2 after 215 days [4].
In our work the corrosion behavior of the phosphate and borosilicate glasses containing plutonium was
studied using  an MCC–1 method to compare their durability in the same conditions.



2. Experimental

Based on the theoretical assessment of the thermodynamic behavior of PuO2 in borosilicate and
phosphate melts, the corresponding glass formulations for high Pu dissolution levels under appropriate
process conditions, were selected.
To produce borosilicate glass ,the oxides of elements–modifiers, nitrates of Na and Cs as well as SiO2

and H3BO3 were mixed and thoroughly ground with a fine powder of PuO2. The particle size of PuO2
in a batch did not exceed 100 micron.
The synthesis of Pu–containing phosphate glass was performed based on the preliminary melted and
ground glass frit of a calculated composition Then this premelted glass frit was mixed with fine PuO2

powder.
In both glass types  Gd was added as neutron absorber.
Both glasses with Pu were melted in an alumina crucible using a resistance furnace placed in
glove–box. After 2 hours exposure at 1150 oC for borosilicate and 1100 oC for phosphate
compositions, the melts were poured into stainless–steel forms and annealed.
According to X–ray and SEM analysis, the glasses were fully amorphous and homogeneous.
Their compositions, as well as specific activities and the content of PuO2 dissolved in glass, were
determined by gamma–spectrometry. The results  are shown in the Tables 1 and 2.

Table 1.

Borosilicate glass composition containing Pu. (BS-5)

Component SiO2 B2O3 Na2O Al2O3 Cs2O ZnO BaO Fe2O3 Gd2O3 PuO2

Concentration (wt.%) 42.50 16.90 20.50 2.05 2.05 5.10 4.10 3.10 1.03 2.67
Specific activity = (5,46±0,3) ⋅ 104 (Bq/mg)

Table 2.

Phosphate glass composition containing Pu. (PH-5)

Component P2O5 Na2O Al2O3 Cs2O ZnO BaO Fe2O3 Gd2O3 PuO2

Concentration(wt.%) 60.30 10.05 8.05 3.02 4.04 3.02 2.01 5.05 4.46
Specific activity = (9,18±0,3) ⋅ 104 (Bq/mg)

The leaching of Pu and other main glass components was evaluated by MCC–1 static tests at 25 and
90 oC with  a SA/V = 0,1 cm–1. [5]
After each sampling, the capsule walls were treated by 6M HNO3 solution with H2O2 at 70 oC for
24 hours and the resulted solutions were combined with the leachants to measure the total Pu activity.
The concentration of leached inactive elements were analyzed by IPC–AES method after separation of
Pu  from the solutions with resins.
The leachants activity measurements, as well as glass specimens before and after thee tests, were
conducted using gamma–spectroscopy.
Normalized elemental mass losses (iNL ) were calculated by the following equation:
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?=  ; where iNL is the normalized mass loss (g/m2) for element i, Ai is the mass loss (g) of

the element i, based on its concentration in the leachante, ni is the mass fraction of element i in the
waste form,     SA is the surface area (m2) of the waste form exposed to the leachante.



3. Results and discussion.

The results of the MCC-1 tests on the glasses are shown in the Tables 3 and 4, as well as in Figures 1
and 2, graphically.
These data indicate that the corrosion rate of PRH-5 glass is faster in comparison with BS-5. The
temperature influence on the total dissolution rate is also greater for PH-5.  At 90C, the release of Pu
and Gd became only 10 times more approximately from PRH-5 than BS-5, while  the bulk
components release (Si, B, P, Na) increased by two order of magnitude.
In comparing the results of Pu and Gdd releases from these tests, it should be noted that Pu is released
more rapidly but their behavior is very similar. An important aspect of the safety is the specific
behavior of the Pu and neutron absorbers. At high temperature boron is released very rapidly from
BS-5, while the Pu and Gd are released at a much lower rate. Note  that Gd is more effective neutron
absorber.



                Table 3
Normalize loss mass phosphate glasses (g/m2)

Element
Type T (Co) Days

Na P Al Gd Pu
3 58.28 24.81 9.23 0.1209 0.9429
14 79.81 69.34 19.31 0.3135 1.893790
28 179.12 149.79 30.03 0.5311 1.9789
3 0.60 0.59 0.03 0.0228 0.0075
14 0.78 0.78 0.06 0.0576 0.0214

PH–5

25
28 1.49 1.51 0.06 0.0778 0.0272

Table 4

Normalize loss mass  for borosilicate glasses (g/m2⋅)

Element
Type T (Co) Days

Na B Si Gd Pu
3 22.02 18.69 12.63 0.0833 0.1105
14 95.90 80.78 32.90 0.1308 0.530690
28 105.92 122.14 48.79 0.1991 0.8714
3 0.28 0.15 0.10 0.0451 0.0182
14 0.73 0.49 0.39 0.0480 0.0681

BS–5

25
28 1.01 1.03 0.44 0.0521 0.0752

Fig. 1. Normalized loss mass for phosphate glass (90 oC)
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Fig. 2. Normalized loss mass for phosphate glass (25 oC)

Fig. 3. Normalized loss mass for  borosilicate glass (90 oC )

Fig. 4. Normalized loss mass for borosilicate glass (25 oC)
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Recalculated (NLi) amounts in a number of moles reflect the incongruent nature of the dissolution
process for both glasses. It means that dissolution rate is controlled by hydrated gel-layers where
precipitation or adsorption of Pu and Gd takes place.
Preliminary testing of glasses with different components  to accommodate high loading of Pu show
that BS-5 performance is better than phosphate PH-5.
From the point of thermodynamic models, the interaction of  the glass with water can be expressed as
“free energy of hydration” of the different mineral formations producing the glass structure [6].
A presentation of the BS-5 composition as a set of the metasilicates, according to [6], gives the
following values of the Gibbs free energy of hydration, _Ghydr, and the Gibbs free energy of mixing,
_Gmix:
_Ghydr = -11.333 kcal/mol _Gmix = -20.411 kcal/mol
Based on the known correlation, the above value of _Ghydr corresponds to the value of the normalized
mass loss that falls in the range of 200-10000 g/m2 .This value exceeds the available experimental data
by several orders of magnitude. However, this is being determined on the basis of minimization of the
Gibbs free energy of the system and  provided that all chemical processes that proceed in the system
are taken into account. as was described in [7]. The actual set of species comprising the composition in
BS-5  probably includes the following constituents (indicated in numbers of moles):
Cs2O

.5B2O3 – 0.00727, Na2O
.4B2O3 – 0.0516, Na2O

.Al 2O3
.4SiO2 – 0.02011, Na2O

.2BaO.2SiO2 –
0.01337, Na2O

.Fe2O3
.4SiO2 – 0.03883, Na2O

.2SiO2 – 0.21369 and 2ZnO.SiO2 – 0.01746. Taking  into
account  the  formation of the above species leads to the value of _Gmix equal to -30.281 kcal/mol and,
hence, to a corrected value of _Ghydr equal to -1.463 kcal/mol. Then, in accordance with the above-
mentioned correlation, the normalized mass loss, on the 28th day of leaching, are expected to be as
follows:
SiO2 – 1.668 g/m2, B2O3 – 1.193 g/m2 and Na2O – 2.004 g/m2. Thus, the improved model calculations
coincide, in the order of magnitude, with the relevant experimental value.
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